. The quantity of TRH present in hypothallamus anid other regions of the brain is sufficieintly lar-ge that its detection by radioimmunoassay, and verificatioin of its presence as TRH by bioassay in some inistainces (2, 3) , is relati-ely easy. Detection of TRH in plasma has proveen more (lifficult, due in part to insufficient assay sensitivity anid also to the presence in plasma of an enzymile(s) wN-lichl very rapidly destroys TRH (4, 5). The significance of TRH in peripheral plasma and its relationslhip to TRH levels in hypophyseal portal plasma thus remains unlcertaiin, as does the role, if any, of thyroid hormone in the regulation of TRH secretioni. The detection of TRH in picograml quanltities in humiiani alnd rat plasma or blood has been described in several recent reports (6-8), anid in onie of these Ino effect of thyroid hormoine excess or insufficiency was detected, but anl increase after cold ;Abbrcviatio)is used in this hapcr: TSH, thyrotropin; TRH, thyrotropin-releasing hormone; T4, thyroxine.
duced inicreases in plasmiia TSH conicentrations, the increase in TRH secretion is of insufficienit magnitude to alter peripheral plasnma TRH concentratioins.
INTRODU CTION
Thyrotropin-releasiug lhormiione (lRH ) 1 secreted inito the hypothalamic hypophyseal portal system has an important role in the miainitenianice of pituitary thyrotropin (TSH) secretioni. It is clear, however, that TRH is an imiiportant constitueint of extralhypothalamic neural tissue as well as of the hypothalamus (1-3). The quantity of TRH present in hypothallamus anid other regions of the brain is sufficieintly lar-ge that its detection by radioimmunoassay, and verificatioin of its presence as TRH by bioassay in some inistainces (2, 3) , is relati-ely easy. Detection of TRH in plasma has proveen more (lifficult, due in part to insufficient assay sensitivity anid also to the presence in plasma of an enzymile(s) wN-lichl very rapidly destroys TRH (4, 5) . The significance of TRH in peripheral plasma and its relationslhip to TRH levels in hypophyseal portal plasma thus remains unlcertaiin, as does the role, if any, of thyroid hormone in the regulation of TRH secretioni. The detection of TRH in picograml quanltities in humiiani alnd rat plasma or blood has been described in several recent reports (6) (7) (8) , anid in onie of these Ino effect of thyroid hormoine excess or insufficiency was detected, but anl increase after cold exposure, on rat peripheral blood TRH concentrations was found (7) .
This report describes the development of a method for the extraction and concentration of TRH from plasma using the technique of affinity chromatography which allows detection of TRH in pooled plasma samples from normal rats. Plasma TRH concentrations in normal, thyroxine-treated, thyroidectomized, and cold-exposed rats have been determined. METHODS TRH radioimnZtinoassay. TRH measurements were made by radioimmunoassay as previously described (9) using synthetic TRH (Abbott Laboratories, North Chicago, Ill.) as standard. Assay sensitivity was 5-10 pg. Samples were assayed in at least two volumes, usually 200 and 100 IA, and all samples from an individual study were assayed at the same time. JI-TRH was repurified by Sephadex G-10 chromatography as previously described immediately before use in all assays and binding experiments (9) .
[ (4, 5) . Synthetic TRH was then added and the plasma extracted with two volumes of methanol. After centrifugation at 2,400 rpm for 40 min, the supernates were dried overnight at 60'C in an air stream. There was no greater recovery of TRH when shorter drying times or lower temperatures were used. The dried supernates were then dissolved in 0.01 M sodium phosphate, 0.15 M NaCl, pH 7.5, in a volume equal to 50% of the initial plasma volume and applied to anti-TRH Sepharose columns at room temperature. After being washed with an additional 5-ml buffer, TRH was eluted with 8 ml of 1.5 M acetic acid into a lyophilization flask containing 1 ml 0.25% bovine serum albumin. The lyophilized samples were then dissolved in 1 ml H20 for TRH radioimmunoassay. The anti-TRH Sepharose columns could be reutilized by washing with 20 ml of 1.5 M acetic acid and then with 0.01 M sodium phosphate, 0.15 M NaCl, pH 7.5.
Collectiont antd processintg of blood from rats for plasma TRH mneasuiremnent. Rat plasma pools were prepared by sacrificing five to seven animals by decapitation. Trunk blood was collected into a beaker on ice containing heparin and 30 mg 2,3-dimercaptopropanol, which has previously been shown to inhibit the destruction of TRH by plasma (13) . The blood was centrifuged immediately after collection for 2 min at 5'C and all except 1.5 ml of plasma extracted with two volumes of methanol. The volume of plasma extracted ranged from 21 to 30 ml per pool in different experiments. The samples were then further processed as described above. In most experiments, 15 pg ['H]TRH was placed in the blood collection vessel before bleeding and 0.3 ml was removed from the final concentrate for 'H counting.
Calcuilation of plasma TRH conicentrations. The TRH concentration in the original plasma pool was calculated according to the formula, TRH (pg/nml) = TRH-S (pg/ml) X 100 PV (ml) X %[3HJTRH recovery-TRH-S is the concentration of TRH in the final lyophilized sample in picograms per milliliter and PV is the milliliters of plasma collected. No attempt was made to correct for the 15 pg [3H]TRH added or the loss of TRH in the 1.5 ml of plasma saved for assay of other hormones.
TSH assay. Rat serum TSH concentrations were measured by radioimmunoassay using the rat TSH assay kit kindly supplied by the Rat Pituitary Hormone Distribution Program of the National Institute of Arthritis, Metabolism, and Digestive Diseases. Separation of free and antibody-bound 'I-TSH was done with the double antibody method. Assay sensitivity was 10-15 ng rat TSH-RP-1 and results are expressed in nanograms of this standard.
Thyroxine (T4) assay. Plasma T4 concentrations were measured by radioimmunoassay as described by Chopra (14) using a commercial anti-T4 serum (Endocrine Sciences, Tarzana, Calif.). Assay sensitivity was 1.6 /Ag/dl. Statistical antalysis. Results were analyzed using Student's t test. When samples contained undetectable hormone concentrations, as in the case of plasma TSH concentrations in certain of the pools from T4-treated rats, plasma T4 concentrations in some of the pools from thyroidectomized rats, or in certain of the TRH concentrates, the value for the sensitivity threshold of the assay was used to calculate the means.
In vivo studics. Male 200-220 g Sprague-Dawley rats were used. For a single experiment 60-90 rats were divided into control and experimental groups and, within each group, into subgroups containing five to seven rats each. There were four to seven subgroups in both control and treatment groups in each experiment. On the day of sacrifice, blood from each subgroup was pooled and a single concentrate for TRH assay made. Experimental and control subgroups were sacrificed alternately. Plasma, 1.5 ml in amount, for TSH and T4 assay was removed before the addition of methanol.
Rats receiving T4 were injected subcutaneously daily for 7 days in doses ranging from 5 to 50 ,ug in different experiments. Control rats received the buffer vehicle at the same time. Animals were killed either on the day of final injection or the following day as indicated below. Thyroidectomized rats were killed 16 days after operation.
Intact, untreated rats were exposed to 5°C for up to 180 min in different experiments. Control rats were kept outside the cold chamber (CombiCold Lab, LKB Instruments, Inc., Rockville, Md.) at room temperature. Lighting conditions and noise levels were similar for both experimental and control groups.
RESULTS
Characterization of the anti-TRH Sepharose columns. Fig. 1 shows the pattern of radioactivity elution when 'I-TRH in buffer was applied to 1.0-ml anti-TRH Sepharose columns. The columns were washed with buffer and then with acetic acid. '5I-TRH binding at neutral pH was less at SOC than at 24°C. Elution of 'I-TRH with 1.5 M acetic acid also proceeded more slowly at 5°C than at 24°C. Elution was faster and more complete with 1.5 M than with 0.5 M acetic acid. As a result of these studies, all subsequent experiments were done at 24°C and 8.0 ml 1. Recovery experiments with plasma. Detailed studies of the recovery of TRH during the various stages of plasma extraction and concentration as well as of overall recovery in the procedure were carried out. Mean recovery of 0.25-16 ng TRH added to plasma and extracted with methanol was 68.1%, and the recovery was independent of the quantity of TRH added. When 2 ng TRH was added to 20 ml plasma from each of seven normal humans and the plasma was extracted with methanol and concentrated by affinity chromatography, the mean recovery was 41.3±13.5% (SD). Table I shows recovery data for the entire procedure when 4 ng TRH was added to 1-20 ml plasma. The mean TRH recovery was 44.7+ 6.1% and did not decrease when larger plasma volumes were used. Recovery of [8H]TRH added to plasma immediately before methanol extraction was 44.0+4.0%, a value similar to that for unlabeled TRH.
TRH in rat plasma. Table II shows the results of TRH determinations in plasma pools from normal rats. In each of the eight experiments, four to seven plasma pools were extracted and concentrated. Assay sensitivity was 50 pg/ml. TRH concentrations in the concentrates ranged from 73 to 304 pg/ml. The calculated mean TRH concentrations in these plasma pools from normal rats ranged from 7 to 30 pg/ml with an overall mean of 16±7 pg/ml (SD). The mean recovery of [3H]TRH in these experiments was 37±9%, which was slightly less than that for [3H]TRH or unlabeled TRH added to plasma before methanol extraction (see above) and probably reflects destruction of TRH during collection and centrifugation of the blood sample before methanol extraction.
These plasma concentrates, when assayed in 50-200-Al vol, produced dose-response lines parallel to that of unlabeled TRH in the radioimmunoassay (Fig. 2) . In addition, the immunoreactivity of plasma concentrates was destroyed by incubation with 20% normal human serum at 37°C for 60 min (Table III) . T4 treatment. Plasma TRH concentrations in pools from rats receiving 5, 10, 15, or 50 sAg L-T4 daily for 7 days are shown in Table IV . Mean plasma TRH concentrations in the normal animals varied from 7 to 47 pg/ml. In all four experiments the mean plasma TRH concentration in the T4-treated rats was not significantly different from that in the control group. In all the T4-treated groups the plasma T4 concentrations were significantly higher and the plasma TSH concentrations significantly lower than in the corresponding control group. The relatively small increase in plasma T4 concentrations in the animals given 10 and 50 Ag T4 re- daily. Thyroidectomy. Table V shows the plasma TRH concentrations in thyroidectomized rats. In the two experiments the mean plasma TRH concentrations did not differ from those in the control group. Appropriate increases in plasma TSH and decreases in plasma T4 concentrations were found in the thyroidectomized rats in both experiments.
Cold exposure. Table VI shows the plasma TRH and TSH concentrations in rats exposed to SoC for varying intervals in three separate experiments, carried out over a period of several months. In rats exposed to cold for 30 min, the mean plasma TRH concentration was 10±2 pg/ml (SEM), not significantly different from that in the control group, 14±3 pg/ml. While the mean plasma Rat Plasma Thyrotropin-Releasing Hormone 
